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The relationship between consumption of cruciferous vegetables
(CV) and risk of gastric cancer has been investigated by many
studies, but remains controversial. We carried out a meta-analysis
to summarize available evidence from epidemiological studies on
this point. Relevant published reports of CV intake and gastric
cancer were identified using MEDLINE (PubMed), EMBASE, and
Web of Science databases through to the end of September
2012. We pooled the relative risk from individual studies using a
fixed- or random-effects model and carried out heterogeneity
and publication bias analyses. Sixteen case–control and six pro-
spective studies were included in our analysis. When all studies
were pooled, we yielded a significantly inverse association
between CV (relative risk = 0.81; 95% confidence interval, 0.75–
0.88) intake and gastric cancer risk, with little heterogeneity
(Q = 27.27, P = 0.292, I2 = 12.0%). Specific analysis for cabbage
intake yielded similar result. When separately analyzed, case–con-
trol studies of CV intake yielded significant results and the results
of prospective studies showed borderline statistical significance.
Moreover, significant results were consistent for high-quality
studies, for North American, European, and Asian studies, for
studies on males, and for studies on non-cardia gastric cancer.
Findings from this meta-analysis provide evidence that high
intake of CV was inversely associated with the risk of gastric can-
cer and non-cardia gastric cancer in humans. Further studies on
other specific CV, food preparation methods, and stratified
results by anatomic cancer site and histological type should be
extended in the future. (Cancer Sci 2013; 104: 1067–1073)

A lthough gastric cancer incidence has decreased substan-
tially in most parts of the world,(1) this malignancy

remains the fifth and second leading causes of cancer inci-
dence and mortality worldwide, respectively, accounting for
8% of the total cancer cases and 10% of total cancer deaths in
2008.(2) Primary prevention of gastric cancer is therefore a
major public health priority. Although infection with Helicob-
acter pylori (Hp) is strongly implicated in gastric cancer etiol-
ogy,(3,4) infecting 50% of the world’s population, <5% of
infected hosts will develop cancer, suggesting that such infec-
tion is not sufficient alone to cause this malignancy.(5) The
decline in gastric cancer incidence has been proposed to be
partly attributable to the factors related to the increased use
and availability of refrigeration, including the increased avail-
ability of fresh fruits and vegetables, and a decreased reliance
on salted and preserved foods.(6) Furthermore, several meta-
analyses and systematic reviews also provided evidence that
fruit and vegetable intake has long been associated with a
decreased risk of gastric cancer.(7,8) However, the current evi-
dence does not clearly point out any specific group of vegeta-
bles that is responsible for the observed inverse associations,
except Allium.(9,10)

Cruciferous vegetables (CV) have been of specific interest
due to their content, in particular, a variety of anticancer con-
stituents such as glucosinolates, the precursors of isothiocya-
nates (ITC) as well as indole-3-carbinol (I3C), both of which
may contribute to a reduced risk of gastric cancer. Experimen-
tal studies have indicated that ITC play a role in the induction
of carcinogen-detoxification phase 2 enzymes, arrest of cell
cycle progression, and induction of apoptosis to protect against
chemically induced tumors.(11,12) Evidence from animal studies
has indicated oral I3C has been found to inhibit the develop-
ment of cancer in a variety of animal models including gastric
cancer.(13) In addition, CV is a good source of dietary water-
soluble fiber which can prevent gastric cancer through its
cleansing action, removing or diluting the carcinogens from
the epithelial surface.(14) A recent meta-analysis also provided
evidence that CV intake was inversely associated with colorec-
tal cancer, another crucial gastrointestinal cancer.(15)

Although an inverse association between CV intake and gas-
tric cancer risk is biologically plausible, many epidemiologic
studies have been published from different countries reporting
on the association between CV intake and risk of gastric can-
cer during the past few decades. Controversial results still exist
and there has been no systematic or quantitative assessment of
published findings on this topic. Therefore, we carried out a
meta-analysis of observational studies to summarize available
evidence on this issue.

Methods

Search strategy. We carried out a comprehensive search of
relevant published studies from database initiation until Sep-
tember 30, 2012 using the MEDLINE (PubMed), EMBASE,
and ISI Web of Science databases limited to English language
and studies of humans using the following search key words
and medical subject heading terms: (Brassicaceae OR Brassica
OR cruciferous vegetables OR broccoli OR cabbage OR cauli-
flower OR Brussels sprouts OR mustard plants OR sauerkraut
OR cole slaw OR collards OR bok choy OR turnip greens OR
vegetables) AND (stomach OR gastric) AND (cancer OR
neoplasm OR carcinoma OR tumor). Furthermore, we searched
the reference lists of all included studies for additional stud-
ies. A similar search strategy was used for a previous meta-
analysis of CV intake and colorectal cancer.(15) We then
followed standard criteria for carrying out and reporting
meta-analyses.(16)

Study selection. Published studies were included if they: (i)
used a case–control or prospective study design; (ii) evaluated
the association between CV intake and gastric cancer risk; and
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(iii) presented odds ratio (OR), relative risk (RR), or hazard
ratio estimates with 95% confidence intervals (CI), standard
errors, or data necessary to calculate these. When multiple
publications from the same study were available, we used the
publication with the largest number of cases and most applica-
ble information. We excluded studies on gastric cancer mortal-
ity, studies that did not provide risk estimates, and duplicate
publications in our analysis.

Data abstraction and quality assessment. For each eligible
study, two investigators (Q.-J.W. and Y.Y.) independently
carried out the eligibility evaluation, data abstraction, and
quality assessment. Any disagreements were further discussed
and resolved by consensus. Data abstracted from each study
included were: the first author’s last name; year of publication;
study design; the country in which the study was carried out;
study sample size (numbers of case patients and control
subjects or cohort size); duration years of follow-up for cohort
studies; measures and types of CV and intake categories;
study-specific adjusted ORs or RRs with their 95% CIs for the
highest versus lowest category of CV intake (if multiple esti-
mates were available, we abstracted the estimate that adjusted
for the most covariates); and factors controlled for by match-
ing or in the multivariable model.
To assess the study quality, a 10-star system on the basis of

the Newcastle–Ottawa Scale(15,17) was used in this meta-analy-
sis. The full score was 10 and a high quality study was defined
as one with quality scores ≥7.

Statistical analysis. The study-specific adjusted RRs were
used as the measure of association across studies. Because the
absolute risk of gastric cancer is low, we assumed that esti-
mates of ORs from case–control studies and risk, rate, or haz-
ard ratios from cohort studies were all valid estimates of the
RR; we therefore report all results as the RR for simplicity.
Boeing et al.(18) presented individual risk estimates of cabbage
and cauliflower intake separately but did not report the effect
of total CV intake. In this situation, the study-specific effect
size in overall analysis was calculated by pooling the risk esti-
mates of the various CV types using the inverse variance
method.(15,19) For studies that reported results separately for
cardia and non-cardia or intestinal and diffuse gastric cancer,
but not combined, we pooled the results using a fixed-effects
model to obtain an overall combined estimate before combin-
ing with the rest of the studies. For studies not using the cate-
gory with the lowest consumption as the reference, we used
the effective count method proposed by Hamling et al.(20) to
recalculate the RR using the stratum with the lowest consump-
tion as the reference.
The possible heterogeneity in results across studies was

examined by using the Cochran Q and I2 statistics.(19) For the
Q statistic, a P-value < 0.1 was considered to be representative
of statistically significant heterogeneity. The I2 represents the
proportion of total variation contributed by between-study vari-
ation.(19) The summary estimate based on the random effects
model (DerSimonian and Laird method)(21) or fixed effects
model (the inverse variance method) was reported when sub-
stantial heterogeneity was detected or not. We used these two
effects models to calculate summary RRs and 95% CI for the
highest versus the lowest categories of CV intake for the
analysis. Due to the limited number of studies on broccoli,
cauliflower, or other specific CV intake and gastric cancer,
summary estimates were just calculated for CV and cabbage
intakes, respectively. Heterogeneity between subgroups was
evaluated by meta-regression. Subgroup analyses were carried
out based on study quality, study design (prospective versus
case–control studies), type of controls in case–control study
(population-based versus hospital-based controls), geographic
location (Europe, North America, and Asia), gender (males
versus females), Lauren’s classification (intestinal versus diffuse

cancer), and anatomic subsite (cardia versus non-cardia gastric
cancer). Moreover, we also stratified the meta-analysis by
potentially important confounders and risk factors. Finally, we
carried out sensitivity analyses excluding one study at a time to
explore whether the results were strongly influenced by a spe-
cific study.
Publication bias was evaluated using Egger’s linear regression

method,(22) Begg’s rank correlation method,(23) and funnel plots.
A P-value < 0.05 for Egger’s or Begg’s tests was considered
representative of significant statistical publication bias. Statistical
analyses were carried out with Stata (version 11.2; StataCorp,
College Station, TX, USA). P-values were two-sided with a
significance level of 0.05.

Results

Search of published reports. We identified 1172 potentially
relevant articles from our search of the three databases. Of
these, 1139 articles were excluded after the first screening
based on abstracts or titles, leaving 33 articles for full-text
review. Hand searching of the bibliographic references of these
articles identified three additional articles,(24–26) for a total of
36 articles for full-text review. Figure 1 shows a flow diagram,
identifying the relevant studies. On this review, three articles
were excluded because of duplicate reports from the same
study population, eight articles were excluded because they did
not report usable or sufficient data of risk estimates, and two
articles were excluded because they reported cancer mortality
instead of incidence. After exclusion, the remaining 22 arti-
cles(18,27–47) were included in this meta-analysis.

Study characteristics and quality assessment. Characteristics
of the 22 included articles are shown in Table S1. All of these
articles, which included 7594 cases and 1 399 379 non-cases,
were published between 1985 and 2012, consisting of six pro-
spective studies (five cohort studies(27–31) and one nested case–
control study(35)) and 16 case–control studies.(18,32–34,36–47) Of
the six prospective studies, three were carried out in the
Europe,(27,28,31) two in the USA,(29,35) and one in China,(30)

Sample sizes of prospective studies ranged from 8006(35) to
521 457,(28) and the number of gastric cancer cases varied
from 111(35) to 616.(31)

Of the 16 case–control studies,(18,32–34,36–47) three were
carried out in the USA,(32,39,44) two each in China,(34,40)

Spain,(36,37) Italy,(33,47) Japan,(43,45) and Poland,(18,46) and one
each in Korea,(38) Sweden,(41) and Uruguay.(42) The number
of patients enrolled in these studies ranged from 91(39) to
741,(18) and the number of controls varied from 132(39)

to 36 490.(45) Controls were drawn from the general popula-
tion in five studies(37,40,41,44,46) and hospitals in 11
studies.(18,32–34,36,38,39,42,43,45,47)

Study-specific quality scores are summarized in Tables S2
and S3. The range of quality scores was from 4 to 8; the med-
ian score was 7. The median scores of prospective and case–
control studies were 7 and 6, respectively. High-quality studies
(i.e., those studies that had at least a score of 7) included all
prospective and five case–control studies.(40,41,43,44,46)

Cruciferous vegetables. In a fixed-effect pooled analysis of
these studies, high CV intake (comparing the highest with the
lowest category) was associated with a reduced risk of gastric
cancer (RR = 0.81; 95% CI = 0.75–0.88) (Table 1). There was
little heterogeneity for the all studies (Q = 27.27, P = 0.292,
I2 = 12.0%). No publication bias was observed by the funnel
plot (Fig. S1), Egger’s regression test (P = 0.668), or by
Begg’s rank correlation test (P = 0.870).

Cabbage. Two cohort(27,28) and five case–control stud-
ies(18,34,37,38,45) investigated the association between cabbage
intake and gastric cancer risk. In a fixed-effect pooled analysis
of these studies, high cabbage intake (comparing the highest
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with the lowest category) was associated with a decreased risk
of gastric cancer (RR = 0.68; 95% CI = 0.58–0.80) (Table 1,
Fig. 2). There was no heterogeneity among the seven studies
(Q = 5.77, P = 0.449, I2 = 0%), and no publication bias was
found by the funnel plot (Fig. S2), Egger’s regression test
(P = 0.125), or Begg’s rank correlation test (P = 0.293).

Subgroup and sensitivity analyses. In subgroup analyses of
CV intake and gastric cancer, all strata showed inverse associ-
ations, but some associations were not statistically significant
(Table 1). Similar results were observed for cabbage intake.
Compared with the significant result in case–control studies
(Fig. 3), prospective studies yielded a borderline statistical
significance inverse relationship between CV intake and gastric
cancer risk (Fig. 4). Furthermore, there is no evidence of sig-
nificant heterogeneity between subgroups with meta-regression
analyses.
In a sensitivity analysis of CV intake and gastric cancer risk,

we sequentially removed one study at a time and re-analyzed
the data. The 22 study-specific RRs ranged from a low of 0.80
(95% CI = 0.74–0.86) after omission of the study by Freed-
man et al.(29) to a high of 0.83 (95% CI = 0.77–0.90) after
omission of the study by Hu et al.,(34) but were similar in
general. Meanwhile, we removed three studies(18,33,37) in which
RRs and 95% CIs were not reported but calculated from raw
data. The result from this analysis (RR = 0.82; 95%
CI = 0.75–0.89) was similar. Like CV intake, similar sensitiv-
ity analyses for cabbage did not significantly change the results
(data not shown). Furthermore, we chose not using the inverse
variance method to pool the risk estimates of the various CV
types; the result was also shown to be robust (RR = 0.82; 95%
CI = 0.76–0.89).

Discussion

Overall, an increase in CV consumption was associated with
11% and 22% (comparing the highest with the lowest cate-
gory) decreased risks of gastric cancer in prospective studies
and case–control studies, respectively (Table 1). Significant
results were consistent for high-quality studies, for North
American, European, and Asian studies, for studies on males,
and for studies on non-cardia gastric cancer. Additionally,
specific analysis for cabbage intake yielded similar inverse
association (Table 1, Fig. 2).
Our meta-analysis supports an inverse association between

intake of CV and gastric cancer risk. This kind of association
is biologically plausible. In addition to containing a variety of

bioactive components such as folate, vitamin C, tocopherols,
and carotenoids,(48) CV is good sources of glucosinolates
which can be hydrolyzed into biologically active compounds
(ITCs and I3C). Experimental studies have suggested that ITCs
or I3C can not only confer protection against certain cancers
by modulating the activity of enzymes involved in detoxifying
carcinogens and metabolizing sex hormones,(49) but inhibit
migration and invasion through the several signaling pathways
(e.g., nuclear factor-jB, protein kinase C) in human gastric
cells.(50,51) Furthermore, water-soluble fiber contained in CV
can delay the absorption of starch, thus reducing the glycemic
load, which is related to the risk of gastric cancer through
excess circulating insulin and stimulating mitogenic and
cancer-promoting insulin-like growth factors.(52)

It is interesting and important to look into Lauren’s subtype
and anatomic site of gastric cancers, as evidence is growing
that there are differences in risk factors between these
cancers.(6,53,54) Some studies also reported that infection with
Hp is a risk factor for non-cardia gastric cancer and might
protect against cardia cancer. However, a meta-analysis of the
few nested case–control studies that specifically addressed this
issue failed to confirm either an increase or a decrease in
risk.(4) Findings also suggested a strong influence of environ-
mental or lifestyle risk factors on intestinal-type cancers.(6)

Due to the limited number of studies, we only yielded a signif-
icant result between CV intake and non-cardia gastric cancer
with little heterogeneity. Similar, we found no significant
results either in intestinal-type or diffuse-type which might
also be ascribed to the same reason. These results should be
interpreted cautiously and whether the association differs
according to anatomic site or Lauren’s subtype of gastric can-
cer warrants further study. Higher intake of CV might also be
associated with other health behaviors (e.g., higher levels of
physical activity,(29,30) lower intakes of alcohol and salted
food,(27,30) and lower rates of smoking.(29,30) A meta-analysis
is not able to solve problems with confounding factors that
could be inherent in the included studies. However, the major-
ity of these studies have adjusted for major confounding
factors, which should reduce the potential bias due to these
lifestyle factors. In addition, the results generally showed an
inverse association in the subgroup analyses when we stratified
the results according to these confounding factors (Table 1).
The association between CV consumption and gastric cancer

risk was statistically significantly stronger in case–control stud-
ies than in prospective studies. It is possible that the relation-
ships reported from case–control studies might have been

Fig. 1. Selection of studies assessing the association
between cruciferous vegetable consumption and
gastric cancer risk for inclusion in meta-analysis.
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overstated due to recall or selection bias which was inherent in
the original studies and possible prediagnostic early symptoms
in cancer patients may have led to changes in dietary habits.
The time interval between the period covered by the dietary
assessment and diagnosis of the disease was usually 1–2 years
(recent diet) in case–control studies (e.g., Bosetti et al.,(47)

Gonzalez et al.(36)), although it was as large as over 10 years
(current diet at the time of subject recruitment) in prospective
studies (e.g., Chyou et al.,(35) Steevens et al.(31)). Furthermore,
in our meta-analysis, heterogeneity was more often present
within case–control or hospital-based case–control studies than
within prospective or population-based case–control studies

(Table 1), which could be explained to some extent by the
different study methodologies. The studies also varied in the
number of potential confounding factors for which they had
adjusted. Some prospective studies(27–29,31) published in recent
years provided detailed information of adjustment for
confounders, whereas some early case–control studies(18,32,33,37)

adjusted for fewer factors.
A strength of this study is the large sample size, with 7594

cases and 1 399 379 non-cases. This has the advantage of
increasing the statistical power to detect the putative associa-
tion between CV intake and gastric cancer, although compared
to CV, fewer studies and cases (seven included studies with

Table 1. Summary risk estimates of the association between cruciferous vegetable (CV) consumption and gastric cancer risk

No. of studies Summary RR (95% CI) Q statistic I-square value (%) Ph* Ph**

Overall studies

CV 22 0.81 (0.75–0.88) 27.27 12.0 0.292 –

Cabbage 7 0.68 (0.58–0.80) 5.77 0 0.449

Subgroup analyses for CV

High quality studies (scores ≥7) 11 0.84 (0.76–0.93) 8.29 0 0.824 0.437

Study design

Prospective studies 6 0.89 (0.77–1.02) 3.42 0 0.755
0.179

Case–control studies 16 0.78 (0.71–0.86) 21.75 21.8 0.195

Type of control subjects

Population based 5 0.74 (0.64–0.87) 3.65 0 0.724
0.491

Hospital based 11 0.81 (0.72–0.90) 17.44 42.7 0.065

Geographic location

Europe 11 0.82 (0.74–0.92) 11.70 14.6 0.305
0.877

North America 5 0.82 (0.70–0.95) 5.36 6.8 0.373

Asia 6 0.79 (0.69–0.92) 10.05 30.3 0.186

Gender

Male 4 0.78 (0.64–0.96) 3.03 1.0 0.387
0.787

Female 4 0.82 (0.66–1.00) 1.54 0 0.673

Lauren’s classification

Intestinal 3 0.77 (0.56–1.05) 3.15 36.5 0.207
0.469

Diffuse 3 0.93 (0.66–1.30) 0.21 0 0.900

Anatomic subsite

Cardia 4 0.84 (0.65–1.09) 4.51 33.5 0.211
0.914

Non-cardia 6 0.86 (0.74–0.99) 7.16 2.3 0.412

Adjustment for confounders or risk factors

Vegetables ⁄ fruit intake
Yes 4 0.88 (0.55–1.42) 9.62 68.8 0.022

0.431

No 18 0.81 (0.75–0.88) 17.96 0 0.590

Smoking status

Yes 15 0.81 (0.74–0.89) 11.92 0 0.750
0.977

No 7 0.87 (0.68–1.11) 16.04 56.3 0.025

Alcohol drinking

Yes 7 0.81 (0.72–0.91) 6.02 0.3 0.421
0.894

No 15 0.83 (0.75–0.92) 22.01 22.8 0.184

Salted food

Yes 2 0.83 (0.63–1.11) 0.92 0 0.339
0.867

No 20 0.82 (0.76–0.89) 27.24 19.2 0.202

Total energy intake

Yes 13 0.86 (0.78–0.95) 13.12 0 0.593
0.076

No 9 0.76 (0.67–0.86) 12.54 36.2 0.129

Education ⁄ socioeconomic status

Yes 12 0.85 (0.77–0.94) 16.87 17.0 0.263
0.256

No 10 0.79 (0.70–0.89) 10.41 13.5 0.319

Subgroup analyses for cabbage

High quality studies (scores ≥7) 2 0.77 (0.56–1.06) 0.27 0 0.607
0.426

Study design

Prospective studies 2 0.77 (0.56–1.06) 0.27 0 0.607
0.426

Case–control studies 5 0.66 (0.55–0.79) 4.76 15.9 0.313

*P-value for heterogeneity within each subgroup; **P-value for heterogeneity between subgroups with meta-regression analysis. –, not appli-
cable, CI, confidence interval; RR, relative risk.
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2289 cases and 641 378 non-cases) were included in the sub-
group analyses of cabbage intake. Another strength is the thor-
ough statistical analyses considering a number of subgroups
depend on the relatively large number of included studies. Sev-
eral potential limitations also should be considered. First, only
one included study provided information on Hp infection,(28)

an important gastric cancer risk factor. However, studies that

have stratified by Hp status have generally found no evidence
of effect modification(55–57) or have found the suggestion that
vegetables are more protective for individuals positive for the
bacteria.(28) Thus, by including Hp-negative individuals in this
study, results may have been biased toward the null. Second,
we could not exclude potential biases due to not only the mis-
classification of CV intake, because most studies used food
frequency questionnaire as dietary assessment, but also the
methods used to report CV intake and the range between low-
est and highest categories among these included studies were
different. Moreover, of the five prospective studies included in
the meta-analysis, none of them accounted for the changes of
dietary intake over time, and in all studies, the dietary assess-
ment was only made at baseline. The inherent measurement
error in these assessments could cause bias to the results. Last
but not least, as with any meta-analysis, possible publication
bias can be a problem in combined analyses of published
reports, but we found no evidence of such bias in our analysis.
In conclusion, our meta-analysis showed that higher intake

of CV is associated with a lower risk of gastric cancer, espe-
cially cancer of non-cardia. More in-depth studies, particularly
prospective studies, are warranted to evaluate more detailed
results, including other specific vegetables within the CV
family, stratified results by histological type, anatomic cancer
site, food preparation methods, or adjustment for potential
confounders.
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Additional Supporting Information may be found in the online version of this article:

Fig. S1. Funnel plot corresponding to the fixed-effects meta-analysis of the relationship between cruciferous vegetable intake and gastric cancer
risk.

Fig. S2. Funnel plot corresponding to the fixed-effects meta-analysis of the relationship between cabbage intake and gastric cancer risk.

Table S1. Characteristics of studies of cruciferous vegetable consumption and gastric cancer risk.

Table S2. Methodological quality of prospective studies included in the meta-analysis.

Table S3. Methodological quality of case–control studies included in the meta-analysis.
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